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ABS'.\ACT 

The  NCEL  atomic  blast  simulator  is  intended  for  testing  beams,  beom-column 
connections,  and  other  relatively  narrow  structural  elements.  This  report  describes 
the  successful  aduptotion  of  the  simulator  for  providing  dynamic  loods  on  a  bearing 
plote  on  sand  and  presents  some  tentative  results  os  a  preliminary  part  of  Task 
Y-F008-08-03-402,  "Funoomental  Behavior  of  Soils  Under  Time-Dependent  Loads.” 
The  dynamic  beoring  capacity  of  a  15-inch-diameter  bearing  plate  on  dry  sand 
without  overburden  wos  90  percent  higher  thon  the  static  bearing  cooacity.  Also, 
the  dynamic  bearing  modulus  was  eonsldetobiy  higher  than  the  static;  e.g.,  226  psi 
per  inch  dynamic  versus  137.7  psi  per  inch  static  at  0.5  inch  plate  settlement. 


This  work  sponsored  by  the  Dehsnse  Atomic  Support  Agency 


Quohfi*^  may  obfotn  eo^ia*  tHit  roport  from  OD^. 

Tha  Lahorotory  tnvtto*  commanf  on  »hiK  f,  porriculorty  on  tKo 
rotwitt  obtoinod  by  thoio  wbo  no«*  oppltoa  tho  informotien. 


INTRODUCTION 


Increased  knowledge  of  the  behavior  of  soils  under  dynamic  loads  of  the  type 
produced  bv  nuclear  weapons  is  urgently  needed  by  engineers  engaged  in  designing 
protective  structures.  In  addition  to  the  utility  of  soil  as  a  radiation  shield,  the 
economic  and  mechanical  advantages  of  utilizing  the  strength  of  soil  masses  by 
placing  protective  structures  underground  are  being  exploited.  The  background 
of  information  regarding  the  dynamic  strength  of  soils  and  the  behavior  of  structures 
dynamically  loaded  in  soil  environments  is  gradually  being  enlarged,  but  the  magni¬ 
tude  of  loads  of  interest  is  steadily  increasing.  This  implies  the  need  for  stronger, 
more  expensive  structures.  More  precise  information  is  needed  to  effect  structurally 
adequate,  but  economically  feasible  designs.  Therefore,  continued  research  is 
necessary  in  the  field  of  soil  dynamics. 

During  the  last  decode,  researchers  have  done  a  considerable  amount  of 
laboratory  experimentotion  with  dynamically  loaded  soils.^"^  These  experiments 
have  included  dynamic  trioxial  shear  testing,  studies  of  pressure-wave  transmission 
through  soils  in  shock  tubes,  miniature  bearing  tests,  and  others.  In  the  field,  some 
opportunities  hove  been  afforded  to  study  soil  behavior  and  soil -structure  interoction 
under  full-sccle  co;  Jitions  during  nuclear  weapons  effects  tests.  Much  vi.luabie 
information  has  been  developed  by  some  of  the  laboratory  research,  but  laboratory 
studies  are  hompered  by  the  great  difficulty  of  producing  soil  models  which  will 
simulate  the  behavior  of  large  soil  mosses  under  dyromic  loads.  The  modeling 
difficulty  Is  not  present  in  full-size  experiments  performed  during  weapons  effects 
tests  in  the  field,  but  other  problems  ore  there  encountered.  By  no  mears  “.o  Is-*' 
of  these  Is  the  expense  involved  in  full-scale  field  testing  with  le-r  .■.•xip- 
Othnr  writers^  hove  pointed  out  the  problems  of  ins’iuineiiiuiion,  noiim-ioHucihi- 
lity  of  conditions,  uncertainty  of  load  magnitude,  ond  infrequency  of  tes'-ng  witn 
which  the  researcher  must  conierid.  The  ultimate  obstocle  to  field  testing  is  tne 
ban  imposed  from  time  to  time  on  nucleor  weopon  detonations.  The  dynomic 
plote-bearing  tests  on  soil  which  hove  been  ond  are  being  conducted  by  thr  Naval 
Civil  Engireering  Laboratory  in  the  test  pit  of  the  NCEL  atom",  blast  simulator 
have  overcome  many  of  the  difficulties  mentiorred  above. 

The  dyrromic  bearing  capacity  experiments  at  NCEL  ore  conducl.J  ur  ...'r 
Task  Y-F008-08-03-402,  "Fundamental  Behavinr  rf  Soils  Under  TIme-Depenoeni 
Loods.”  Finonciol  support  for  thcsx  tests  has  been  provided  by  the  U.  S.  Defense 


Atomic  Support  Agency  throunh  the  Bureau  of  Yonfe  ond  Decks,  U.  S.  N<rvy 
Deportment.  The  experimental  work  has  been  perfomed  by  the  ^ils  and  lavements 
Division  with  the  assistnr.wd  of  the  Structures  Division.  The  task  is  (.'it  of  an  overall 
objective  of  providing  information  regarding  soil -structure  interoctior  under  dynoiiiic 
loads. 

This  report  describes  tests  which  hav«  t*.  jn  mode  on  !5-inch-dIometer  and 
30-inch-diameter  beopng  plates  on  dry  sand  wittrout  overburden.  One  purpose 
of  these  initial  studies  was  to  determine  the  degree  of  usefulness  of  the  NCEL 
atomic  blast  simulator  for  dynamic  soil  testing.  A  second  purpose  was  to  moke  a 
preliminary  study  of  the  dynamic  beoring  capacity  of  sand  on  o  footing  of  substan¬ 
tial  size  without  resorting  to  nuclear  weapon  detonations  in  the  field.  These  first 
experiments  were  not  expected  to  yield  ihe  desirable  ultimate  product  of  specific 
deto  for  structural  designers.  Nevertheless,  the  results  of  these  pilot  tests  do  permit 
some  tentative  comparisons  of  staric  versus  dynamic  bearing  behevior  of  sond. 

TEST  PROGRAM 
Background 

The  design  of  any  engineering  laboratory  test  intended  to  simulote  field 
conditions  is  dictated  by  the  prototype  field  event.  Within  bounds  imposed  by 
ovailable  test  equipment,  ond  by  limitotions  in  ktxjwledge  of  the  true  choroeter 
of  the  field  event,  f!;-  test  is  ir.':de  as  realistic  os  possible.  Fne  NCEL  plat«- 
bearing  test  program  reported  here  was  intended  os  a  simulation  of  statically  and 
dynamically  loaded  spreod  footings  without  overburden.  It  is  realized  that  the 
behavior  of  dynamically  looded  footings  on  the  surface  of  the  earth  is  not  of 
primary  interest  in  the  design  of  protective  structures.  However,  os  o  logical 
by-product  of  evaluation  of  the  blast  simulator  os  a  soil  dyrvamics  testing  device, 
the  determination  of  surface  footing  bebovior  should  provide  guidance  far  .1* 
design  of  more  realistic  experiments  to  be  corducted  in  the  future. 

Conventicr.ol  foundotion  loods  are  of  a  long-duration,  static  noiure 
(exclusive  of  certain  specialized  loads  imposed  by  rotating  machinery,  or  loods 
imposed  upon  povenient  foundations  by  londing  aircraft,  surface  vehicles,  etc.). 

The  bearing  capacities  of  soils  under  those  conventional  types  of  loods  hove  ong 
been  determined  experimentolly.  Basically,  the  derermination  involves  the  c.ppli- 
cation  of  static  load  increments  to  o  bearirig  picle  resting  on  the  soil.  je‘'’eirent 
of  the  bearing  plot.,  unuv.-  eoch  lood  increment  is  observed,  and  the  succeed'  j 
load  Incremant  is  odded  only  after  the  settlemei'.t  has  essentially  stopped.  Ttsf  ig 
is  continued  until  cessation  is  dictated  by  or^  of  the  following  cr're  io:  (a)  the 
•jpplied  load  i.  exceeded  by  some  preselected  amount  the  design  load  later  to  be 


placed  upon  the  soil;  (b)  sett'*ment  of  fhe  plate  becomes  excessive  for  t!ie  prototype 
structure  later  to  be  ploccd  upon  the  soil;  or  (c)  the  soil  fails  to  support  the  applied 
load.  Results  of  the  load-settlement  test  ore  plotted  in  graph  form,  ar,d  from  the 
graph  may  be  deteimined  the  foilure  load  and  modulus  of  subgrade  reaction  vaiues. 
This  modulus  is  useful  in  predicting  settleme.  :  at  loads  less  than  failure.  Usuolly, 
it  is  spoken  of  as  the  "k  value"  of  the  soil,  ond  it  hos  the  units  pounds  per  square 
inch  per  inch  of  settlement.  So  common  has  this  test  become  that  reasonably  accurate 
k  volues  for  many  type:  of  soils  at  specified  densities  can  be  obtained  from  engineer¬ 
ing  handbooks.  Also,  conservative  estimates  of  bearing  capacities  for  vat'oiis  types 
and  conditions  of  soils  have  been  tabuloted.  In  addition,  there  are  theoretical 
methods  of  computing  conventional,  or  static,  bearing  capacity  of  continuous  footings. 
Among  the  most  frequently  used,  of  these  are  the  Terzaghi  formulas.'^  Semiempirical 
adaptations  of  these  formulos  hove  been  developed  for  various  footing  configurations. 
Thor  for  a  circular  footing,  such  as  those  of  the  experiments  reported  here,  is  os 
fellows; 


q,  =  l.3cN  +  V  D.N  +  0.6y  rN 
^dr  .  c  f  q  y 

in  which  q^^  =  bearing  capacity  (load  per  unit  area) 
c  =  cohesion 
V  =  soil  unit  weight 

Dj  =  depth  of  footing  (or  depth  of  overburden) 

Ng,  Nq,  and  are  dimensionless  beoring-copacity  fdrtors  whose  mognitudes 
depend  upon  the  ongle  of  internal  friction,  0,  of  the  soil.  Charts  are  avoilui  .t- 
which  disclose  magnitudes  of  the  bearing-capacity  faC-ors  for  various  onn!«-i 
friction  for  soils  which  ore  relatively  loose  and  those  which  are  relative!)  dense. 
No  ;och  widely  accepted  formulos  ere  available  to  reveal  the  bearing  capo:Itie« 
of  soils  loaded  dynamically. 

Some  investigotors  have  mode  theoiet-cal  predictions  of  soil  behavior  urder 
various  assumed  dyrximic  ioods  and  have  written  extensive  computer  progioms 
utilizing  those  theories.  Usuolly,  a  highly  idealized  soil  is  postulated,  one  hi; 
behavior  is  onalyznd  b)  ying  the  pre»v.,tir-iJ  parameters  of  the  ideolized  soil  To 
determine  the  volidity  of  the  predictions,  oisd  to  refine  the  theornricol  !echnic,iic,, 
it  is  necessary  to  hove  some  experimental  data  Ow)ui;'ied  from  tests  cn  leal  soils 


which  hav<t  been  loaded  by  real  or  stmclated  nucleor  blast:.  To  provida  such  loads 
frequently  and  economicolly  for  many  research  purposes,  the  atomic  blc^t  simulator 
was  developed  by  NCEL.^  Tne  blast  simulator  wos  used  to  generaU'  the  dynamic 
loads  applied  during  the  p!ate-bearir.g  experiments  reported  here. 

Test  Apparatus  and  Procedure 

Blast  Simulotor.  Reduced  to  its  bosic  elements,  the  blast  simulator  (Figure  1) 
consists  of  a  test  chamber  beneath  a  cylindrical  expansion  chamber  that  contains  a 
concentrically  placed  firing  tube.  Primocord,  an  explosive  fuse  material,  is  deto¬ 
nated  in  the  firing  tube.  Gases  from  the  explosion  are  metered  through  hundreds  of 
small  holes  in  the  firing  tube  into  the  expons'oo  chamber-  From  there,  the  gases 
pass  through  slots  in  the  bottom  of  the  expansion  chamber  into  the  test  chomber, 
where  they  impose  pressure  upon  the  item  being  tested.  The  test  chamber  is  formed 
by  two  flat  steel  plates  (called  “skirts")  which  attend  downward  from  the  bottom 
of  the  expansion  chamber.  The  plates  are  parol  UJ,  are  8  inches  apart,  and  are 
welded  longitudinally  along  their  upper  edges  to  the  bottom  of  the  expansion 
chamber.  An  item  to  be  tested  is  mounted  in  on  appropriate  manner  between  the 
skirts,  where  it  is  subjected  to  the  pressuie  of  the  gases  of  the  primocord  explosion. 
The  rise-time  ot  the  pressure,  the  duration  of  the  peak  pressure,  ond  the  chorocter 
of  the  pressure  decoy  con  be  controlled.  Beneath  the  blost  simulator  is  a  pit  which 
has  reinforced-concrete  walls  and  floor.  The  pit  is  9  feet  by  10  feet  in  plon  and 
1 2  feet  deep. 

Soil  Plocemenr  A  screened  and  dried  river  lond  was  used  as  the  test  soil 
(see  Appendix  A,  Soil  Pioperties).  The  sand  was  ploced  in  the  pit  from  a  bottom- 
dump  hopper  through  a  chute  similar  to  d  tronsit-mix  concrete  chute.  It  was 
spread  uniformly  in  2-foot-thick  layers,  ond  each  loyer  wos  vibrated  into  place 
with  a  Lazan  oscillator  mounted  on  an  18-irch-square  wooden  plate.  The  oscillator 
was  operated  at  15  cycles  per  second  with  a  force  output  of  60  pounds.  It  was 
moved  about  the  surface  of  each  loyer  in  a  regular  pattern  which  orovieJe.'  :■  .ccr 
of  vibration  on  all  areos  of  the  surface  of  the  layer.  Afrer  vibroiiui.  o;  corh  ‘ 
the  density  of  the  layer  was  meosured  in  three  places  by  the  sand-con^  ■  etliod. 
Following  each  use  of  the  pit  for  c  beoring  test,  ihe  sand  was  loosened  by  ivind 
shoveling  to  a  depth  of  16  to  18  inches  ond  recompocted  by  operation  of  the  Lazon 
oscillator  upon  the  surface  in  the  manner  previously  described. 

Approximotely  45  tons  of  sond  were  required  to  fill  the  piT  to  the  9-fcot 
depth.  The  time  required  to  remove  and  recompcct  this  amount  of  sand  fo-  each 
loading  of  the  bo’  'ng  ,.I.rc  v/at  con;;Ji-ivd  prolMoitive.  rf:e'’'tfore,  the  pro.  im 
of  post-test  surfdee  loosening  ond  recompoction  was  adopted.  I»  has  fxjc  '-  rt-.-  iO'  - 
scratch  previously®  that  sand  can  he  compocted  to  -epths  of  many  ?ret  by  vibration. 


It  was  believed  thot  the  proymm  of  post-test  loosening  ond  vibratory  recan  paction 
would  return  the  sand  to  a  density  condition  near  that  existing  when  the  sand  first 
wos  oloced  in  the  pit  ond  processed  by  vibrotion.  Since  the  available  method  of 
in-ploce  density  measurmnent  (modified  sand  cone)  was  net  considered  very  accurate 
(see  Appendix  A),  density  wos  not  measure J  <'ter  each  recompcction.  Rather,  a 
systematic  routine  of  soil  recompaction  was  followed  rigorously  to  produce  compo- 
robie  initial  conditions  for  •cch  test  loading.  The  series  of  piote-becring  tests 
reported  here  actually  was  conducted  during  three  different  time  periods  in  the 
test  pit.  Each  time,  sand  wos  ploced  In  the  pit  and  processed  os  desc'Ibed  above. 

The  load-settlement  characteristics  of  the  sand  ware  determined  on  a  15-inch- 
diameter  steel  plate  under  static  and  dynomic  loads.  Additional  dynamic  load 
tests  were  mode  on  a  30-inch-diametef  plate.  Both  plates  were  1  inch  thick. 


Figure  1.  NC-_  itomlc  blost  simuiotor  with  pit  covers  In  plo'"**. 


Dynamic  Tests.  In  essence,  the  aynomtc  platc-bearirg  tests  were  ..;ode  by 
placing  sand  to  a  depth  of  9  t’.et  in  the  test  pit  ond  dynamically  loadinn  a  plate 
on  the  surface  of  the  sor-d,  utilizing  forces  generated  in  the  blast  simulator.  Pres¬ 
sures  in  the  si.nulator  were  made  to  impinge  upon  a  steel  beam  placed  between  th" 
skirts.  Forces  on  the  beam  were  tronsmittw'  down  to  the  plate  on  ihe  sand  through 
a  vertical  steel  column  welded  to  the  bottom  center  of  the  beam.  The  weight  of 
the  beam  and  column  loading  device  was  915  pounds.  Downward  movement  cf  the 
looding  system  fond  hence  >ettlement  of  the  looded  p*ate)  was  detected  by  a  linear- 
motion  potentiometer  ond  by  a  mechanical  scriber  hoveling  on  a  rotating  cylinder 
(see  Appendix  B,  Instrumentation).  The  mechanical  configuration  of  the  loading 
system  limited  total  settlement  to  approximately  6  inches.  The  gross  lead  on  the 
plate  was  detected  by  a  compression  load  ce'l  ploced  between  the  bottom  of  the 
column  arsd  the  steel  bearing  plate  on  the  sond.  Figure  2  is  o  schematic  view  of 
the  test  orrorsgement.  Lood  and  settlement  information  were  recorded  electronically 
against  the  some  time  base  ir  a  recording  oscillcgroph.  Figure  3  is  a  facsimile  of 
one  of  the  test  oscillograms. 

Stotic  Tests.  For  conventionol  bearing  tests,  the  soii  preparation  ond  plate 
placement  were  the  some  as  for  the  dynamic  tests,  except  that  a  hydraulic  jack 
was  pieced  between  the  plate  and  the  load  cell.  Static  toads  were  opplied  by 
jacking  against  the  load  cell,  which  transmitted  the  lood  through  the  looding 
column  orKi  load  beom  to  reoct  ogolnst  the  frame  of  the  blast  simulator.  Settle¬ 
ments  of  the  bearing  plote  were  meosured  by  diol-type  mechanicol  strain  gages. 

RESULTS 
Bearing  Capacity 

The  tests  reported  here  produced  Icad-settiement  dons  of  static  plote-beoring 
tests  on  the  15-Inch-diometer  plate,  end  lood-time  and  settlement-ftmo  ' 
of  dynamic  plote-beoring  tests  on  both  IS-inch.  dinmerer  and 
plates.  Various  difficulties  with  the  mountir:gs  ond  other  accessories  c'  ‘he 
potentiometers  used  for  measuring  plolt  settlement  mode  mosi  of  the  e!ec-iOnlc 
settlement-time  records  unusable.  Figure  3  is  o  facsimile  of  one  of  the  few  tests 
mode  after  the  difficulty  wos  corrected.  However,  the  electromechanical  rototing- 
cylinder  oscillograph  (described  in  Apperiix  B)  functioned  vety  well  and  p  oduced 
good  records  of  settlement  versus  time.  Unfortunately,  the  time  bases  of  *h.'  separate 
electronic  lood-meosuring  system  ond  the  electromechanical  serMemen*  met  iurlng 
system  were  not  n.  izcd,  and  tht  .-t.-.-lts  can  be  analyc-ri  only  in  ter'.’  of 
loading  lo'es,  settlemer^t  rat..j,  and  peok  loads  versus  peak  setd i.-ncn'i.  I 

lists  these  volucs  for  the  t5-inch  ond  30-incli  pio’-ei.  Figure  4  I'  c  graph  of  ?«!uit 
■jnit  load  Cl  15-inch  ond  30-inc!.  plates  versus  rate  of  p'o**  .ettlem..nt. 


Correlotion  lines  were  detetmined  by  fhe  method  of  leost  squares.  ihe<e  is  a 
consideroble  omoynt  of  scotr^r  on  the  groph,  but  the  tendency  seems  tc.  be  toward 
o  foster  rote  of  settlernc.-t  for  o  given  unit  load  on  the  30-inch  pic.e.  This  requires 
future  experimental  confi.-notion. 

Figure  5  shows  three  graphs  of  static  load-settlement  tests  on  the  15-inch 
plate.  The  ovetog  *  "lure  food  for  the  three  tests  was  7.4  tons  per  s'.uare  foot. 

The  density  of  the  s*..  d  ot  the  times  of  these  tests  wos  approxiuioi.rly  1 12. 1  pounds 
per  cubic  foot  as  measured  by  the  modified  sand-cone  method  (Appendix  A).  The 
rjngle  of  inlcrnal  friction  (Appendix  A)  wos  43  degrees.  Using  these  values  and 
the  beoring-capocity  factors  from  Reference  7,  the  beoring  capacity  rr.oy  be 
obtained  by  the  Te.zoghi  beoring-capocity  .'quc*lon  for  circulor  footings: 


q.  =  1.3cN  +  y  *  0.6yrNy 

^dr  c  f  q 


Since  cohesion,  c,  and  overburden,  represented  by  Df,  are  both  zero,  the  first  two 
terms  drop  out,  and  the  equotion  becomes 


Pdr  = 


!  =  0,6(112.1  lb/ft^(7.5  in.)  (240)(—J-^^—c') 

1728  in."^ 

I 

I 


=  70  psi  *  5  tons  pet  squcre  fr>ot 

Comporison  with  the  ovenjge  experimental  result  indicotes  the  Tcrr.sgh; 
equation  gives  o  somewhot  conservoti.  e  value.  As  indicoted  in  Appendix  A, 
there  is  some  uncertainty  about  the  magnitude  of  the  unit  weight  of  the  send  at 
th«  time  of  fhe  experiment.  Trial  compute  ions  show  that  even  maximum 
possible  unit  weight,  the  beoring  capoc'ty  os  determined  by  the  lerzaghi  method 
will  be  less  thon  the  overage  experimental  value. 
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diameter  plate  with  no  overburden. 


Figure  6  is  a  graph  of  dynamic  unit  loads  on  the  15-inch  plate  versus 
corresponding  peak  settler.ients  of  the  plate.  The  graph  was  obtained  by  plotting 
the  peak  load  and  peak  settlement  values  from  each  of  eleven  dynamic  tests.  The 
permanent  settlement  of  the  plate  in  most  cases  amounted  tu  75  to  90  percent  of  the 
peak  settlement;  but  the  peck  settlement  is  ■!i;s  critical  value  in  shelter  design,  and 
that  is  the  value  chosen  for  Figure  6.  The  figure  shows  the  peak  dynamic  unit  load 
carried  by  the  plate  to  be  196  psi,  or  14.1  tons  per  square  foot.  This  is  nearly  double 
the  average  static  experimental  value  of  7.4  tons  per  square  foot.  Figures  7  and  8 
are  photographs  of  the  30-inch  plate  before  ond  after  application  of  o  dynamic  load. 
They  illustrate  the  punching  type  of  action  which  wos  similor  for  all  dynamic  tests 
in  this  series. 

Bearing  A4oduius 

In  addition  to  the  bearing  capacity,  the  bearing  modulus  or  k  value  also  is  of 
interest  in  shelter  design.  If  means  are  available  to  predict  load  on  a  footing,  the 
k  value  will  give  some  idea  of  the  settlement  to  expect.  Though  these  preliminary 
experiments  were  made  on  circular  plates  on  the  soil  surface,  the  relative  values  of 
k  for  static  and  dynamic  loads  are  significant.  Such  values  of  the  secant  modulus 
at  several  amounts  of  settlement  on  the  15-inch  plote  ore  shown  in  Table  II.  As 
with  the  bearing  capacity,  the  dynamic  secant  modulus  values  are  considerably 
larger  than  the  stoHc  values. 


Table  .  Comparison  of  Secant  Bearing  Moduli,  k,  of 
15-lneh-Diameter  Plote  Loaded  Stotically 
ond  Dynamically 


Settlement 

(in.) 

Static  k, 
(psi/in.) 

Dynamic  k,  | 

(psiy'*  '  ! 

0.25 

160.3 

*^6.0  1 

0.50 

137.7 

226.0 

•  0.75 

126.0 

184.0 

1.00 

108.0 

156.0 
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Figure  7.  30-inch-diameter  plote  beibre  application  of  load. 


Figure  8.  30-inch-diometer  plote  ofter  application  of  dynamic  load. 


Mojt  of  fh*  results  rep»  *ted  here  pertoin  to  the  15-inch  plate.  Te-iti  on  the 
30-irt:h  plate  were  not  fruithji..  The  relationship  between  applied  dynamic  lood 
and  plate  settlement  is  not  readily  apparent  from  a  graph  of  these  duia  for  the  larger 
plate.  This  may  be  explained  in  part  by  the  details  of  the  escperimental  procedure. 
Most  soil  mechanics  texts  conrerHi  that  whs.-,  -j  footing  is  loaded  the  majoi  porrion 
of  the  soil-stress  increose  beneath  the  footing  takes  place  in  a  zone  extending  from 
the  soil  surface  to  o  depth  of  1-1/2  to  2  times  the  width  of  the  footing.  In  that 
zone,  an  additional  effect  is  an  increase  of  soil  density,  or  unit  weight.  Such  a 
density  incren<e  means  that  subsequent  ioodings  will  produce  successively  less 
settlement  per  unit  of  applied  load  on  the  footing.  In  conducting  experiments  to 
determine  the  relationship  of  dynamic  load  to  settlement,  the  cumulative  effects 
of  the  loads  upon  subsequent  test  settlements  are  undesirable.  Preferably,  each 
test  loading  should  be  mode  upon  a  soil  moss  which  has  had  the  some  load  history 
as  ail  others  in  the  series.  Time  end  cost  precluded  the  provision  of  a  new  soil 
mass  for  each  test  in  the  series  reported  here.  Consequently,  the  previously 
described  program  of  surface  loosening  and  recompoction  followed  each  test  load- 
ir>g.  This  reprocessing  to  a  depth  of  16  to  18  inches  was  somewhat  effective  for 
the  IS-inch  plote,  since  a  lorge  percentage  of  the  zone  principally  affecting  the 
plate  behavior  ams  returned  to  a  density  reasonably  similar  for  all  the  tests.  How¬ 
ever,  the  zone  of  significant  density  increase  under  a  loaded  30-inch  plate  might 
extend  to  a  depth  of  5  feet.  Reprocessing  the  upper  18  inches  would  not  be 
sufficient.  Such  opparently  was  the  cose,  as  may  be  seen  in  Figure  9,  which  '.hows 
the  dytximic  load  versus  settlement  of  the  30-inch  plate.  The  number  at  each  data 
point  indicates  the  chronological  order  of  the  tests.  Those  morked  with  a  'ubscript 
"o"  were  not  mode  oaring  the  some  test  period  as  the  others.  That  is,  the  .nst  pi: 
was  emptied  and  refilled  between  tests  marked  “8''  arid  "lo."  It  is  nominally  true 
thot  the  pretest  lood  history  of  point  "1a“  was  similar  to  thot  of  point  "1."  Thu 
envelope  shown  by  the  dashed  lines  on  Figure  9  is  an  estimate  of  the  range  witfii.: 
which  a  graph  of  dynamic  lood'^ttlement  would  fall  if  each  test  had  been  mode 
on  sand  previously  not  used  for  a  test  loading  of  a  30-inch  plate.  Being  on  Mtimote, 
the  graph  shown  in  Figure  9  is  only  of  mirwr  interest;  but  !f  the  f'  rao... 

is  coirect,  then  the  envelcpe  shows  qualitatively  that  !!>c  d)..omic  k  ..sliie  ar...i-eu:.%.s 
with  increasing  plate  size.  This  may  be  seen  in  concept  by  comparing  figures  6  ar.d 
9.  Such  a  relarionship  l^etween  stotiu  k  value  and  plate  size  is  well  estoLliilicd.^ 

ASSESSMEt  IT  OF  TESTS 

The  objective  of  the  v  ^rk  reported  here  w"s  to  obtain  some  preliim  -»> 
comparisons  of  static  versus  dynamic  beoring  behovior  of  sand  while  e— lua:  .g  the 
blost  simulator  os  o  soil-testing  device.  The  rumSer  of  variables  which  ulti.T.ulcl; 
.Tiuit  be  investiooted  is  very  large.  For  this  limited  trial,  they  pu.posely  were  kept 
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to  a  mmimum.  Only  one  type  oi  soil  was  used,  and  attempts  were  made  to  maintain 
constant  soil  density  from  t?;t  to  rest.  Using  dry  sand  circumvented  the  necessity  of 
evaluating  moisture  effects.  Two  sizes  of  circular  bearing  plate  were  used.  However, 
only  the  performance  of  the  15-inch  plate  hos  been  emphasized.  Two  types  of  load¬ 
ing  were  used.  The  static  loading  method  was  that  which  has  long  been  employed  for 
building-site  investigations.  The  dynamic  loads  were  .impie  triongulor  pulses  with 
sharp  rise  and  exponential  decay. 

included  omong  the  many  factors  which  must  be  investigated  are  (1)  the  effects 
of  footing  size,  shape,  rigidity,  and  inertia;  (2)  soil  properties,  including  the  magni¬ 
tude  of  the  moss  involved;  and  (3)  load  characteristics,  including  inertial  effects  of 
masses  transmitting  the  loads.  After  evaluation  of  these  effects,  some  of  which  are 
r>ow  being  investigated  at  NCFI.,  the  results  will  .be  compared  and  combined  with 
the  work  of  others,  and  attempts  will  be  mode  to  formulate  theoretical  explanations 
of  footing  behavior. 

The  blast  simulotor  facilities  at  NCEL  provide  an  opportunity  to  make  soils 
studies  in  a  larger  volume  of  soil  than  can  be  utilized  at  most  laboratories.  This 
alleviates,  but  does  not  eliminate,  undesirable  boundary  effects.  A  closer  study 
of  those  boundary  effects  Is  o  planned  part  of  future  experiments. 

In  general,  the  blast  simulator  worked  very  well  as  a  loading  dev't*  for  the 
bearing  plates.  The  magnitude  of  available  dynomic  load  was  ample  for  the  size  of 
footing  which  reosoneb'y  con  be  tested  in  the  simulator  pit.  Difficulty  was  experi¬ 
enced  with  some  instrumentation  mountings  (Appendix  B),  but  that  difficulty  iios  been 
corrected.  A  more  serious  problem  was  that  of  controlling  the  soil  conditions. 

Pouring  the  soil  Into  the  pit  through  a  chute  created  some  groin-size  segregation, 
and  undoubtedly  contributed  to  nonuniform  density  distiibution.  Some  ouxiliary 
effort  is  needed  to  perfect  handling  and  placing  techniques  for  the  40  to  50  cubic 
yards  of  soil  used  in  these  experiments.  To  this  end,  some  ouxiliary  tests  nlrcr.-.*', 
hove  been  completed.^® 

With  regard  to  o  gain  of  soil  dynamics  informotion,  severjl  comments  may  be 
made.  The  numerical  values  developed  in  this  preliminary  study  oie  useful  primarily 
for  indicating  trends.  In  part,  this  is  due  to  the  proboble  errors  in  data  from  the 
30-inch-diameter  plate  tests  assumed  to  huv*>  oeen  caused  by  the  cumulative 
increases  in  density  ot  significant  depths  beneath  the  plate.  The  .ests  on  the 
iS-inch-diameter  plate  ore  more  reliable.  The  limitotion  In  usefulness  of  both 
sizes  results  From  t’l,  ra!o.^  ,r  the  expeti-ments;  i.e.,  the  tests  were  loads  Cii 
surface  footings,  a  situotion  not  widely  encountered  by  designers  of  pro.,  .ti"' 
structures.  The  15-inch  plate  tests  do  serve  to  si'ow  fitat,  under  the  soecific 
conditions  of  '  tests,  the  settlement  was  much  less  under  dynamic  load  than 


under  equal  static  load.  Rise-times  of  rhe  dyncir'c  loads  on  the  pla^c  were  on  the 
order  of  0.01  second,  ond  -od  durations  were  on  the  order  of  1.0  serond.  The 
natural  period  of  the  send  it  estimated  to  have  been  approximot^ly  0.C65  to  0.075 
second,  based  upon  extensive  vibrotory  compaction  experiments  made  upon  sard.® 
Even  in  dry  sand,  which  reaches  a  state  of  equilibrium  under  a  statically  loaded 
plate  faster  than  othe.'  soils,  a  dynamic  load  should  not  produce  os  much  settlement 
os  an  equal  static  load  unless  the  durotion  was  several  hundred  times  as  long  os  the 
natural  period  of  the  soil.  Detonation  of  nuclear  weopons  does  not  produce  loads 
of  such  duration.  Furthermore,  the  inertio  of  the  soil  would  tend  to  reduce  settle¬ 
ment  unde-  n  dynomic  lood.  Therefore,  it  is  reosorKible  to  conclude  that  comporative 
values  of  dyrsomic  versus  static  lood-wttlement  disclosed  by  the  tests  reported  here 
for  the  15-inch  plate  are  quolitntively  similor  to  results  that  would  be  experienced 
in  the  field  under  nuclear-detonation  loads  versus  stotic  loads. 
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Figure  9.  Peak  dynamic  unit  irxid  versus  peak  setrrement  of 
30-inch-diameter  plate  with  no  overhorden. 
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FINDINGS  AND  CONCLUSIONS 


1.  The  NCEL  blast  simu*'*^or  and  test  pit  are  useful  for  conducting  ond 
dynamic  plate-bearing  experiments  on  soil. 

2.  The  dynamic  bearing  capacity  under  the  15-inch-diameter  plate  was  approximately 
90  percent  greater  than  the  static  bearing  capacity;  i.e.,  14.1  versus  7.4  tons  per 
square  foot. 

3.  The  k  vc!-.i  for  the  dynamically  loaded  15-inch  plate  was  higher  than  for  the 
statically  loaded  15-inch  plate;  e.g.,  at  a  settlement  of  0.5  inch,  the  dynamic 

k  =  226  psi/inch  and  the  static  k  =  137.7  psi/inch. 

4.  Though  the  results  of  tests  on  the  30-inch  plate  are  questionable,  the  indications 
are  that  the  dynamic  k  values  for  the  30-inch  plote  ore  less  than  for  the  15-inch 
plate.  This  parallels  accepted  knowledge  of  statically  loaded  plate  behavior. 

5.  Agoin  with  reservations  about  the  20-inch  test  results,  the  dynomic  unit  bearing 
capacity  of  the  15-inch  plate  Is  greoter  then  that  of  the  30-!nch  plate.  This  also 
parallels  accepted  knowledge  of  statically  loaded  plate  behavior. 

FUTURE  PLANS 

The  tests  reported  here  were  intended,  in  port,  os  preporation  for  more 
sophisticated  experiments,  reports  of  which  will  be  forthcoming.  The  long-ronge 
plan  for  dynamic  bearing  capocity  research  under  this  task  includes  investigations 
of  the  effects  of  overburden,  type  of  footing,  and  soil  cohesiveness.  The  next 
report  in  the  series  will  be  concerned  with  o  spread  footing  loaded  statically  ond 
dynamically  on  dry  sond  while  under  vorious  amounts  of  overburden.  Following 
that  v'ill  be  studies  of  a  woll  or  strip  footing  looded  stotically  and  dynar.-ii  .-'  :•.• 
on  dry  sand  while  under  vorious  amou.-.ls  of  overburden,  rorticuiui  c.npnc«'« 
oe  placed  upon  tests  of  a  strip  footing  hoving  overbuiden  on  one  side  or.'y,  us 
wo. 'Id  be  the  usual  cose  for  the  footing  of  a  buried  structure. 

The  effecis  of  soil  cohesiveness  moy  be  studied  experimentally  or  analytically. 

If  'fono  experimentally,  the  initial  tests  piohibly  will  be  made  on  sand  which  ''Os 
apparent  cohesion  caused  by  the  introduction  of  moisture.  It  is  not  yet  rerto  n 
whether  it  will  be  physicolly  and  economically  feasible  tn  use  a  true  cnherlvs  soil 
for  bearing  copactn'  exper'-e  .r$  in  the  MCFL  blost  simulo'o;  test  pit.  He'icr 
analyficol  techniques  moy  be  employed,  in  conjunction  with  the  results  t;i  ‘e.  .s 
or.  noncohesive  dry  sand,  to  estimate  the  effects  of  cohesiveness. 
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In  fuhjre  te«h  in  the  blast  simuiotor  test  pit,  the  width  of  footing  tested  will 
be  limited  to  12  or  15  inches.  This  will  permit  reprocessing  the  principoiiy  affected 
strata  white  keeping  the  depth  of  necessary  reprocessing  within  reosonaSie  limits. 

Improved  methods  will  continue  to  be  sought  for  placing  soil  in  the  test  pit 
so  thot  soil  conditions  will  be  uniform  thrc'choot.  Also,  better  meth-.-ds  wili  be 
sought  to  measure  the  true  unit  weight  of  the  soil  in  place.  For  example,  a 
technique  of  sieving  the  soil  into  place  Is  being  evcluoted  for  providing  uniform 
dertsity  ar\d  nonsegregotion  of  groin  sizes.  Nuclear  soil  density  meters  are  being 
corttidered  as  a  method  of  measuring  density  without  disturbirig  the  test  soil. 
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Appendix  A 
SOIL  PROPERTIES 


The  send  used  for  plQfe-'bearing  tests  and  certoin  other  soil -structure 
interaction  experiments  at  NCEL  is  token  frorti  the  bed  of  the  Santa  Clara  River 
in  Ventura  County,  Colifornio.  After  being  screened  ond  dried  by  the  processi.T, 
it  is  stored  in  indoor  bunkers  until  ploced  in  the  NCEL  blast  simulctoi  test  pit. 

Since  the  blost  simulator  is  on  indoor  focility,  the  sand  Iws  little  contact  with 
outdoor  otmosphere.  Consequently,  It  remains  quite  dry  throughout  the  experi¬ 
ments.  After  several  weeks  in  the  test  pit,  **'e  ■"oisture  content  of  the  sand  at 
the  end  of  any  test  period  never  reached  0.5  percent  through  absorption  from 
the  atmosphere. 

Several  soporote  shipments  of  sand  hove  been  sampled  fiom  time  to  time 
Over  a  period  nf  several  yeors  and  found  to  have  remarkably  constant  grain-size 
distribution.  That  distribution  is  shown  in  the  graph  of  Figure  A-1.  The  maximum 
size  of  the  sand  is  2.5  mm.  The  effective  size  is  0.21  mm,  ana  the  uniformity 
coefficient  is  3.  ■ 

Auxiliary  experiments  hove  been  made  with  the  NCEL  test  so.id  os  port  of 
NCEL  Task  Y-P008-08-03-402  "Fundomentql  Behavior  of  Soils  Under  Tlme- 
Oependent  Loads."  These  hove  included  determination  of  specific  grovlty,  water 
permeability,  one— ‘‘mensloiv  I  consolidation,  and  angle  of  Internal  frlctisn.  Some 
of  these  volues  ore  listed  in  Table  A-l. 

Some  difficulty  wos  experienced  in  placing  the  sand  uniformly  in  the  test 
pit.  Every  effort  was  mode  to  spread  ond  compact  the  sand  to  r  homogeneous  grain- 
size  distribution  and  a  uniform  density.  Random  thin  strota  of  size-segregated 
particles  were  encountered  during  dinsity-meosurement  operolivns.  lnp-'> 
placement  techniques  are  necessary. 

In-ploca  density,  or  urit  weiaht,  of  the  sand  was  mea..ured  by  a  method 
similar  to  ASTM  Designotion  U-155b-58T,  "Density  of  Soil  in  Pioce  by  the 
Sand-Cone  Method."  Since  the  send  used  for  the  bearing  tests  was  dry,  it  wos 
impossible  to  excavate  o  hole  which  wo-.ia  retain  its  'Ize  and  shape  for  voijme 
determination  with  the  sond-cone  opporatus.  It  wos  necessary  to  modify  the 
density -meosuring  apparatus  to  the  extent  of  adding  o  cylindrical  prn;n<-ti.iri  to 
the  '•'ttom  of  ti..;  i^lute  u.tJ  to  support  rhe  sena  cone.  A  .l  etch  of  the  op’.  .ratus 
is  shown  In  Figure  A-2.  In  use,  the  cylinder  was  inserted  into  the  so'l  on'  'ic 
cone-support  plate  was  pressed  downword  uni. I  tr.e  bottom  surfocc  of  the  plote 
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[(.‘jt  contacted  Hie  soil.  Soii  •■hen  -.vas  excavated  from  within  the  cylinder.  The 
cavity  thus  formed  wos  backfilled  wiH'i  sand  of  known  unit  weight  using  the  sond- 
cone  method  mentioned  previously.  The  cei'brated  sond  used  for  backfilling  was 
Ottawa  Sand,  ASTM  Designation  C-i90-59.  The  unit  weight  of  the  tost  sol!  in 
ploce  wos  calculated  using  the  weight  of  scii  excnvoted  ond  the  weight  of 
calibrotod  sond  used  for  backfill. 

The  volume  of  a  cavity  os  determined  by  the  jond-cone  method  is  reasonably 
accurate.^  ’  Aisc,  the  weight  of  soil  removed  for  o  density  determination  con  be 
measured  with  great  cccutacy.  However,  the  soil  was  disturbed  by  the  necessary 
use  of  the  cylinder  to  support  the  covity  vroll  during  excavation  and  volume 
measurement.  This  disturbance  was  considered  great  trnough;  in  the  tests  reported 
here,  to  affect  the  density  determinction.  The  average  density  of  the  river  sand 
upon  which  the  NCEL  plote-beoring  tests  were  mode  rros  i09.1  pounds  per  cubic 
foot.  This  value  was  determined  by  the  modified  sand-cone  method  just  described. 
The  maximum  and  minimum  densities  of  the  river  sand  were  found  experimentally 
to  be  114.7  and  95.0  pounds  per  cubic  f<»t. 

In  another  experiment  at  NCEL  which  hos  not  yet  been  reported,  sand  wos 
p'  sced  -'n  the  bicsf  simulator  test  pit  in  3  mornar  simitar  to  thot  reported  here  for 
the  plate-bearir^  tests.  In-pioce  density  was  meosured  in  the  mi'.nner  reported 
here.  In  addition,  a  log  was  kept  of  the  weight  af  river  sond  placed  in  the  pit. 
Mnasurement  of  the  dimensions  of  that  portion  of  the  pit  occupied  by  the  send 
permitted  cclculotion  of  the  volume  and,  hence,  the  density  of  the  sand  in  place, 
fhe  se.i'd-cone-cyilric'  r  methoo  indicated  the  density  to  be  1 13.1  psunds  pe’ 
cubic  tuot.  The  weight  log  and  volume  measurement  method  reveoLsd  the  density 
to  be  106.9  poiinds  per  cubic  foot.  Of  course,  these  data  ore  insufficient  to 
p*r?vide  <7  correction  factor  to  the  plote-tearing-tcii  •■lensMy  rlata.  They  do 
provide  evidence  of  the  direction  of  the  error. 

Knowledge  of  the  true  density  of  the  sand  at  the  times  of  .sori'iu  res' 
wos  not  os  importont  os  uniformity  of  the  density  from  jjloce  .0  place  in  li-e  pir 
and  from  test  to  test.  As  sfoted  in  the  main  body  of  rhis  report,  on  attempt  'o 
ocnieve  o  homoganeous  density  [satterr.  'was  rrede  by  rigorously  odharing  to  a 
systemotic  pattern  of  placement  ond  vibiotion.  iJeTween  fesfi,  a  routlrie  of 
surface  loosening  ond  revibrotion  woi  fsilow^ri. 

For  future  tests  requiring  the  use  of  forge  volumes  of  soil,  baiter  method; 
of  placement  orxi  compoction  or*  requirod.  Also  •-••eded  is  a  more  relioble 
method  in-pioce  uensity  mmsurement. 


P»rc«nt  by 


pm  U.  S.  Standard 


Figure  A-1.  Groin-eize  distribution  of  sand  used 
for  ptate-^Moring  experiments. 


Table  A-l.  Fundamental  Physical  P  -operties  of  ^il 
Used  for  Plate-Bearing  Tests 


Type  of  soil 

sand 

Secant  modulus  of  compression 
(consol  idometer)  at  50  psi: 
at  density  =  105.8  Ib/ft^ 
at  density  =  111.9  Ib/fl^ 

6,500  psi 
10,100  psi 

Moisture  content 

0 

Cohesion 

0 

Angle  of  internal  friction 
ot  density  ss  111  Ib/ft^ 

43® 

Specific  gravity 

2.62 

Maximum  grain  size 

2.5  mm 

Effective  size,  DfQ 

0.21  mm 

Uniformity  coefficient 

3 

Permeability 

ot  density  =  95  Ib/ft^ 
ot  density  =  105  Ib/ft^ 

0.0K6  in./scc 
0.0096  in. /sec 

Figure  A-2.  Cross  section  of  cylindrical  wall  support  device  used 
for  sond-cone  method  of  density  determinotion  in 
dry  sand. 
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.  Appendix  B 
INSTRUMENTATION 


Only  two  basic  measurements  were  made  drring  the  conduct  of  the  bearing 
tests  —  the  lood  on  the  plate  and  the  settlement  of  the  plote.  For  the  dynomic 
tests,  the  load  and  settlement  were  recorded  against  a  time  base. 

Plate  settlement  during  static  testing  was  detected  by  one  of  two  methods. 

The  first  was  the  conventional  use  of  mechanical  strain  dials.  Four  were  used, 
and  they  were  placed  to  detect  vertical  motion  I  inch  from  the  edge  of  the  plate 
on  each  of  four  radii  90  degrees  opart.  The  other  method  of  settlement  measure¬ 
ment  involved  replacement  of  the  strain  dials  by  a  Bourns  A^el  108  16-inch-stroke 
linear-motion  potentiometer.  It  was  connected  to  a  four-arm  bridge  circuit.  A 
scherrKitic  of  the  circuit  i<  shown  in  Figure  B-1.  Motion  of  the  plate,  arud  hence  of 
the  potentiometer  stem,  coused  an  unbalance  in  the  bridge.  The  unbalance  was 
measured  with  o  Baldwin  Type  M  SR-4  strain  indicator.  Precalibration  of  this  system 
against  measured  motion  of  the  potentiometer  stem  permitted  later  computation  of 
the  plate  settlement.  The  mechanical  strain  dials  are  quite  satisfdctory  for  static 
tests,  but  the  potentiometer  vras  used  as  a  trial  for  planned  future  static  tests  in 
which  strain  dials  will  not  be  usable.  The  potentiometer  functioned  very  well  for 
the  static  tests. 

For  the  dynomi  te:ts,  the  strain  dials  naturally  couldnot  be  used.  Instead, 
the  16-inch  potentiometer  was  used  in  conjunction  with  the  four-arm  bridge. 
However,  automatic  recording  of  the  dynamic  settlement  was  necessary,  and  this 
was  done  with  o  bridge  amplifier  and  recording  oscillograph.  The  electronic 
amplifying  and  recording  equipment  wos  manufactured  by  G>nsolidated 
Electrodynamics  Corporation  (CEC).  A  CEC  Type  1-1 13B  corrier  omplifier  f  ..d 
a  CEC  Type  /-'323  galvanometer  were  used.  This  amplifle'  with  .  clcted  oo'-  . 
rupply.  Is  designated  "System  D"  by  the  manufacturer,  Tiie  wist  tesrs  u'ii'zed  a 
CEC  Type  5-114  recording  oscillograph.  Later,  this  was  replaced  by  a  CuC 
Type  5-1 19  oscillograph.  This  equipment  is  capable  of  monitoring  dynamic 
phenomena  having  frequencies  up  to  600  cycles  per  second,  which  is  quite  ade¬ 
quate  for  these  experiments. 

Considerable  difficulty  was  experienced  with  potentiometer  .Mountings 
during  the  dynamic  tests.  These  n  o blems  were  nr>  attribotoble  to  the  potc  iri 
ometer.  The  flexioiiity  of  the  mountings  and  the  moss  of  the  moving  part";  uf  •  e 
potentiometer,  though  small,  produced  vibrations  it.  the  settlement-measuring 
system.  These  vibrations  obscured  many  of  tlie  oscillograms  of  platn  settlement 


to  the  degree  thot  they  were  unusable.  (Toward  tiKi  end  of  the  series  cf  tests,  the 
trouble  was  oorrected.  The  (..tentiometer  has  worked  well  on  other  NCCL  experi¬ 
ments  not  reported  here  ^  A  supplementary  electromechanical  dev're  was  used  in 
conjunction  with  the  potentiometer  to  provide  a  settlement-time  record  in  the  e\'ent 
of  failure  of  the  priiiMry  potentiometer  system.  Because  of  the  diffioilties  mentioned 
earlier,  the  supplementary  device  actually  become  the  primary  means  of  measuring 
plate  settlement.  This  supplementary  device,  whid>  tmy  be  considered  os  a  rotating- 
cylinder  oscillograph,  was  developed  by  personnel  of  the  Structures  Division,  MCEL 
It  consists  of  0  spring-looded  pencil,  and  a  paper-covered  cylinder  which  rotates  at 
a  constant  k..jwn  speed  to  provide  a  time  base,  in  use,  the  cylinder  was  so  oriented 
that  the  spring-looded  pencil,  which  was  attached  to  the  plate-bearinp-test  loading 
mechanism,  traveled  parallel  to  the  axis  of  rhe  cylinder.  The  pencil  scribed  a  mork, 
the  excursion  of  which  was  equal  to  the  settlement  of  the  bearing  plate.  Rotation 
of  the  cylinder  provided  the  time  base  from  which  rotes  of  settlement  were  computed. 
This  device  was  not  coupled  to  the  load-recording  oscillograph,  hence  the  time  bases 
for  load  and  settlement  were  not  synchronized.  This  precluded  analysis  of  the  dynamic 
test  data  in  terms  of  lood  versus  settlement  at  any  particular  instant  of  time.  However, 
a  study  of  morimum  load  versus  maximum  settlament  was  possible.  Also,  it  was  possible 
to  study  lood-time  and  settlement-time  pheixxnena  independerrtly. 

Stotic  plote  loads  were  measured  with  a  Boldwin  Type  C  SR-4  compression  lood 
cell.  The  load  cell  was  placed  between  the  reaction  column  and  the  hydraulic  jock 
used  to  apply  the  load.  The  electronic  output  of  the  load  cell  was  read  on  o 
Baldwin  Type  M  SR-4  strain  indicator.  The  lood  cell  was  previously  calibrated  with 
the  Type  M  irrdicalor  in  a  300-kip  compression-testing  machine. 

Dynamic  loods  also  were  measured  with  o  Baldwin  Type  C  SR-4  load  cell. 

For  some  of  the  tests,  o  lOO-kip-capacity  ceil  was  used.  For  others,  where  dictated 
by  anticipated  load,  a  200-kip  cell  vm  used.  During  dynamic  tests,  the  lood  cell 
was  operated  through  CEC  "System  D"  equipment  oixf  recorded  with  the  po*entiometer- 
meosured  settlement  data  ogoinst  the  some  time  bose  in  the  recording  osc‘'i'<g'av' 

The  load  cells  olso  were  calibrated  stotiooily  with  the  "System  [,  Mpficraics  ■ 

300-kip  testing  machine. 
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LCOR  R.C.  Vonco,  Exocutivo  Offieor,  Mobil#  Coi>»*rv.>:tion  Battalion  II,  FPO, 

Son  Froneisco 

COR  J.  F.  Dobson,  CEC,  USN.  U.  b.  Naval  School,  CEC  Olficars,  Po't  Huonomo.  ^olif. 

Mofor  F .  A.  Vorsor,  Jr..  USA,  Dofont*  Atomic  Support  Ai**ficy,  Wu  ‘  L  s.. 

Mr.  L.  Nool  FitxSimons,  Offico  of  Civil  Dofonso,  Coportmont  of  Dofonso. 

Woshington,  0.  C. 

Mr. Bon  Taylor,  Offico  Civil  Defonso,  Ooportmont  d  Dafonso,  Washington,  lJ. 

Mr.  Chorlos  M.  Eisonhouor,  Rodiotion  Physics  Loborotory,  Notional  Buroou  of 
Stondords,  Washington,  D.C. 

Mr*  O.H.  Hill,  Building  12,  Room  50d,  Rodiotion  Physicv  Divi'^'*  ,  Notional  Buroou 
of  Stondords,  Woshington,  D.  C. 

COR  J.  0.  Androws,  CEC,  USN,  SHAPE  Hoodquortors,  hPO  5S.  Now  York  '<* 

CAP  »'  n.  J.  Christonso.i,  -EC^  UHN,  U.S.Novul  Civil  Engirooring  Laborcit?>y, 

Part  Hucnomo,  Colif. 
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LCDR  N««.  OmmmiK  CEC«  USN,  N««y  Noclow  Po«#f  Unit,  Boivoir,  V«. 

CDR  C.  Cwriooo,  CECf  USN,  U*  S»N«v«l  Civtl  Eoftnoormt  Lober«tery« 

RoH  Mwwitio#,  Colif. 

LT  L.  K.  DoAOvOAf  CEC»  USN,  N«vy  Nwcloor  Powor  Unit,  Fort  Bo!votr,  Vo. 

LT  ttoltot  J.  EofOf,  Jr«  CEC,  USN,  Novel  P«»ffm4iMto  School,  Montoroy,  Colif. 

LTJG  Clinton  W.  IColly,  III,  CEC,  USN,  Bwroov  of  Yard*  onirf  Docks,  Prograio  Officor, 
U«S.  Novel  Ro^ioloficel  Dofenoo  Loh^tory,  See  Francisco 

COR  V.  J.  Froncy,  CEC,  USN,  Boraoo  of  '.orda  on^  Docka,  Director,  Soothooat 
Divlaion,  U.  S.  Novel  Boao,  OMrIoaton,  S.  C. 

CDR  C.  F.  tCrickonWrtaf,  CEC.  USN,  Borooo  of  Yflr4a  on4  Docka,  Co4o  50.200, 
Woahlnfton,  0.  C. 

Dr.  Looriaton  S.  Toylor,  Oiiof,  Rodiotioo  Fhyaica  Divtaioo,  Notionol  Bureau  of 
Sten^r^B,  VeahinfiM,  D.C. 

Dr.  Jofliea  0.  Buchonoo, Teciwicol  Ofarotiena,  Ina^  South  Avenuo,  Burliofton,  Atoaa. 

LT  $.  H.  Mothoa,  CEC#  USN,  U.  S.  Novel  Conatniction  Bottoliort  Canter, 

Port  Mvanaaie,  Colif. 

Mr.  Jock  C.  Croano#  Office  of  Civil  Dalonao#  Da^ottmoni  of  Dofenae,  Woahington,  D .  C. 

Dr.HorolJ  A.  Knopp#  Fallout  StoJiea  Brandt,  Diviaien  of  Biolofy  and  MoJicino, 

U.  S.  Atooiie  Enorfy  CoMotiaaion,  Voahioftoo,  D.  C. 

Dr.  Karl  Z .  Morfon,  Director#  Health  Phyaica  Diviaien,  Oak  Ri Joe  Notionol  Lekorotery, 
Ook  R)tlf>,  Tann. 

Or.  Joaeoh  D.  Coker,  Notionol  Roaaurco  Cveluotion  Center,  Eaecvtive  Otfice  BuiUino, 
Voahinften,  D.C. 

Or.Chorfea  F.  KaonAo,  Military  Evoluotion  Diviaien,  U.S.Novol  RoJiote^ieol 
Dale**  «  Lokorato.  ■,  S«ui  Fronciaeo 

Or.Coorfo  E.Pvfh#  Inatitute of  Defanao  Aoolyaea,  Veopona  Syatema  Evoluotion 
Oiviaion,  Voahinften,  D.C. 

Mr.  John  Avaier,  Ook  RlJfO  National  Leaorotery,  Ook  RiJfO,  Term. 

Or.  Villioai  Krofor,  Navel  Ro^ioWftCol  Defanao  Lokerotory,  Son  Frenciaca 

Or.  Nona  Tiller,  Nuclear  Dofonae  Lekorotery,  Anay  Cheeneol  Center,  MJ. 

Mr.  Irvinf  Ceakill,  Notionol  Rooourco  Evoluotion  Cn**tr,  Ere  n  Otf  Bwi'" 
Voahinften,  0.  C. 

Mo|er  Rokort  $.  Morcum,  Dofonae  mtaniic  Suppart  Afartcy,  Oaportmant  ei  Oefonaa, 
Vaahinfton,  D.  C. 

Mr.  Gear  fa  Sitaan,  Office  of  Civil  Dofonaa,  Oaportmant  af  Oafonaa,  Voshinftan,  0.  C. 

Mr.  Jama*  C.  Pattoa,  Natianal  Raaaurca  Evaluatian  Cantar,  Eaacutiva  Offica  BuilJinf, 
Waahinften,  D.C. 

LTCOL  Rutaall  J.  Hwtchin»an,  052921,  Offica  af  the  Cnfinaa*,  Came  Vottar;, 

Minaral  Wails,  Tea. 

LCOR  l.n  Crani'v,  ^.C.  U5N  U.S.Nv  ai  Schoal,  C^C  Off>cars.  Pari  iiu  ama, 
Caiif. 
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DiSTRIBUTICN  LIST  (CoAt'd) 

No.«f  Total 

Activitio*  Co^ioo 

Y  1  COR  H.L.MurpKy,  Kc:>ii»  311#  Fodoral  OKlc*  Buildms#  Son  Francisco 

1  1  LCDR  W.  H.  Bonnlstor#  CEC#  USN#  Fioid  Canintand,  Dofonso  Atomic  Sup|»ort  Agoncy, 

Sondio  BosOf  Albvqwor^Of  N#  14* 

1  I  MofOt  RoLort  Crawford#  USAF#  Air  Forwi  4>sopons  Laboratory,  Kirtlond  Air  Force 

Boso#  Alboquorquo#  N.M. 

1  1  Dr.  John  BoMoch,  Oiractar,  Opoiotions  Anolytit#  26tli  Air  Division#  SAGE# 

Honcock  Fiold#  Syracuse#  N.Y. 

1  1  Mr.  J.  F.  Tomonini#  A  A  E  Dovolopm«ni  Division#  Office  of  Civil  Defense# 

Oeoertmont  of  Defense#  Woshin||ton,  D.  C. 

1  1  LCDR  C.  R.Wnip^le#  CEC#  USN#  U.  S. Novel  Ordnonce  Loborotary#  White  Ook#  Md. 

1  1  '  Or.W.E.  Fisher#  Air  Fereo  Weepens  Leberatery,  Kirtiend  Air  Force  Bose, 

AlbiraeerAoe#  N.M. 

1  t  Mr.  Everitt  F.  Btlserd#  Ditectar#  Nowtran  rhysics#  Oeb  Ridfo  Notional  Leborafory# 

P.  0.  Bee  X#  Oek  Rldpe#  Tenn. 

1  1  LCDR  T.  Yoshihere#  CEC#  USN,  U.  S.  Novel  Civil  Enpinoerinq  Leberetery# 

Port  Hyeneete#  Celif. 

1  1  LT  M.MecOonoid#  CEC#  USN,  U.  S.  Novel  School#  CEC  Officers#  Port  Huonome# 

Celif.  " 

1  1  Library#  Enqineorinf  Deportment#  University  of  Celifemie#  40$  Hilpoid  Avenue# 

Let  ftapeles 

1  1  Sendie  Corperetien,  Bos  5000.  Albuquerque#  N^M. 

1  1  Rivera  end  Harbor  Library#  Prineeten  Untversify#  Princeton,  N.  J. 

1  1  Heed#  Civil  Enqineerinf  Deportment#  Cerneqie  Institute  of  Technelofy#  Schenley  Perk# 

Pittsbwrfh#  Pe» 

1  I  Mr.  C.  H.  Albriqht,  Penn^lvenie  State  University#  Cellof e  of  Enqi.^eerinq  enw 

Arehitec'  e#  Umvers.ty  Perk#  Pe. 

1  1  Mr.  A.  P.  Dill#  Civil  Enfineerinf  Hell#  University  of  lllineis#  Urbane*  111. 

I  1  Or.  N.  M.  Newmerk#  Civil  Enqlneerinp  Hell#  University  of  lllineis#  Urbane,  111. 

1  Y  PrefesstK  J.  Neils  Thompson#  Civil  Enqineerinq  D'^porfment#  University  of  Teses# 

Austin#  Tes. 

Y  Y  Mr.  Fred  Seuer#  Physics  Deportment#  Stanford  Research  Institute#  Menie  Perk.  Celif 

Y  Y  Or.  T, H .  Schiffmen#  Armour  Research  Feundetion  of  tM’rolt,  In*  -  cf  T«r^nwi>‘ 

Teehneloqy  Center#  Chicsqo,  111. 

1  Y  Dr.  Robert  V.  Whitman#  Messechi'setfs  Institute  of  Techneleqv#  Cembrtdne.  Mess. 

Y  1  Or.  Lewis  V. Spencer,  Cttewe  University#  Physics  Deportment#  0*tnwe,  Ken. 

Y  Y  Mr.  E.  E.  Shelewitt#  Protective  Construction,  CSA  Bulldinq#  19th  end  F  Streets,  N.  W« 

Weshinqton#  D.  C. 

1  1  fHh.  Werner  Weber#  Nvcl  eer  Eneineerinq  Censultant,  N.Y.  State  ^  .  il  Defense  Commission, 

P.O.Bee  7007,  State  Office  Buildinq#  Albeny#  N.Y. 

1  1  Dr.  Herald  Brode#  The  Rend  Cerperatien#  17u0  Mein  Street,  Sente  Menieo#  C-:‘'f. 

1  4  Mr.  R.  O.Ceveneuqh,  Berry  Centrels,  Inc^  700  Pteesent  Stree*#  Wntertewn.  «!<>• 
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DISTRIBUTION  LIST  (Cofit'rf) 

No.  of  Totol  • 

Activitloo  Co^too 

I  t  Mr.  KoAootH  It's^lofi,  Bro«^io«  R«m««c^  Co«94K«tioA,  1811  T'-oos<Lj*''  Orivo, 

Burlinfooro,  Calif. 

1  t  -  Mr.  TkoiMa  Morrifton,  Aatortcaa  Mac^nto  ondl  Foon^ry  Company.  7501  NrrtK  Nor':has 

Avonoo.  NiU«.  III. 

1  I-  Mr.  Woltor  Gwnthor.Tko  Mitra  CorporotioM,  P.O.  Bok  206,  Losingien,  Mo»k. 

1  V  Mr.  W.  R .  Porrot  •  5112,  Appliod  EaporimoMts  Diviftiort,  Sondio  Corporation, 

Albu^worpuo,  N.M.  )  ' 

1  1  M*.  Lyndort  Wolck,  Eborio  U.  SmitH  Aosaeiotoo,  Inc.  153  Eaot  Elnaboth  Stroor, 

Uotroit^  MtcH. 

1  1  Profoooor  Horbort  M.  Bo*ck,  Public  Hoollb  Engmoarinp,  School  of  Public  Hoolth, 

UnivoraitY  of  Minnototo,  M.iMioopolit,  Minn. 

1  1  Dr .  Morit  P .  Vfhito,  Civil  Eng inoorinf  Doportmowt.  School  of  Enginooring,  Univortity 

of  Moooochwootto,  Amhorit,  Mooi. 

1  1  Or.  Robert  J .  Honton,  OoporlMont  of  Civil  &  Sonitory  Enginoormg,  Mosoochuaottt 

Inatitvto  of  Tochnology,  Combridgo,  Mo«». 

1  1  Mr.  Horofd  Horowitt,  Building  Rotoorch  Inotituto,  Notionol  Acodomy  of  Scioncof, 

2101  Conotitution  Avonwo,  N.V^  Wothington,  D.C. 

1  t  Mr.  Lwbo  Vortmon  •  5112^  Applied  EopovimoMts  Divioion,  Sondio  Corporotion, 

Albwgwor^o,  N.M. 

1  t  Mr.  Riehord  Pork,  Notionol  Aco4omy  of  ScioMCOo^  2101  Constitution  Avonuo,  N.  W, 

Woohington,  D.  C . 

I  1  Mr.  Frodorici  A.  Po»loy,  AtA  Rotoordi  Socrotory,  AoMtricon  Institufo  pf  Architocts, 

1735  Now  York  Avonwo,  H.  V,  Wothington,  0.  C. 

^  ^  Prof.  M.  L .  P .  Go,  Civil  Enginoortng  DoportoMnt,  Un»vortiiy  of  Howoii,  Honolulu, 

HowOii 

I  1  '  Or.  E  .  £  *oo»oy,  Do'snso  RoooorcK  Boord,  Ooportmont  of  Notionol  Oofonto, 

Ottowo,  Conono  I 

I  I  Or.  Robert  Ropp,  Tho  Rond  CorporotiLn,  1700  Main  Stroot,  Sonto  Monieo,  Colif. 

I  I  Or.  Stophon  B.  Wifhoy,  Progrom  Oirootor,  Sorvoy  Rooooreh  Contor,  Univortity  of 

Michigan,  Ann  Arbor,  Mich. 

1  1  Or.  Eric  T  .  Clorko,  Tochnicol  eporotiono,  fnc  «  Burlington,  Mots  . 

1  1  Or .  A .  8.  Chit  fen,  Civil  Engmor-ring  Hell,  Un>  .ortity  of  Illinois,  L'rbono,  ill . 

I  1  -  Mr*.  Shoo  Voll*y„  CRTZS,  A  .  F .  Combridfo  koko^ch  Cen*or.  Bodferd.  Motk. 

1  1  Profotsor  J  ,  T  .  Honloy,  Doportmont  of  Civil  Enginooring,  Univortity  of  Mi*^notota, 

Minnoopoii*,  Mmn  . 

1  1  As*r.  Profostor  i .  Silvormon,  Doportmont  of  Chomicol  Erginooring,  Univortity  of 

Mcrylond,  CoHogo  Pork,  Md. 

I  1  Or.  F.  T.  Movis,  Doon,  Coltogo  uf  'ng  ..ooring.  University  of  Mciryland,  Cetloge 

Perk,  Md. 

I  1  0. .  Roymond  R.  Foa,  Astocioto  Profvstor  end  Director,  Protoc*i*««  Constrwctior* 

Courses,  The  Crorgo  Woshington  University,  Vtoshrngttn,  0.  C. 
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Oir»c>or«  U  S.  Army  €n9..i*«r  Wat«rw4ty$  Exp«rim«nt  S*ot>on,  P.  0.  Box  631. 
V*ck»bwf9.  MikS.,  Aitn;  Mr.  R.  W.  Cunny 

Prolootor  F.  E.  Rtchort.  Jr  ^  Hootf,  Ooportmont  of  Civl  Erigmoor-ng, 
Unt%orti»y  of  Mtchigon.  Ann  Arbor.  Mtch. 

Profooftwr  W.  S.  Heutoi,  Poportmoot  of  Civ«l  Engmooring,  Univoitity  of 
Mrchigon,  Ann  Arbor,  Mich. 

Profootor  M.  C.  Spongier,  Dopcrti''ont  of  Civil  Engmooring.  lowo  Stoto 
Univortity,  lowo  City,  iowo 

Profokoor  M.  T.  Dovnson,  Doportmont  of  Civil  Engmooring,  Univorsity 
of  lliinetk,  Urbono,  111. 

Profotkcr  R.  K.  BornKord,  Pnneoton  Univorkity.  Pnneoton,  N.  J. 

Profokior  F.  J.  Convorto.  Coiiformo  Irxtituto  of  Tochnoiogy.  Poiodono, 
Col.f. 

Profookor  D.  A.  Sewyor.  Untvoftity  of  Florido,  Goinotvrilo,  Flo, 

Profokkor  C.  A.  LoonorJk,  School  o*  Civil  Engmooring.  Purduo  Univortify. 
Wokt  Lofoyotto.  Ind. 

Or.Nermon  W.  McLood.  Imporiol  Oil  Co..  Ltd..  Toionto.  Con. 

Mr.  Goorgo  Triondofilidik,  Univorkity  of  Now  Moxico,  Air  Fore#  Shock 
Twbo  Foc:f  ity.  P  .  0.  Sex  188,  Univorkity  S  tot  ion,  AIbwpuorquo,  N .  M . 

Mr.  John  L«»>k,  Dofonko  AtonnC  Support  Agoncy.  Ooparlmotil  of  Doforiko, 
Woohington.  D.  C. 


